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Bovines caused by the Bacillus of Contagious Abortion.

By H. R. SEDDON, B.V.Sc.

(Veterinary Research Institute, University of Melbourne).

[Read lOth December, 1914].

1. Materials required on whicli to found a Diagnosis

of Contagious Abortion.

The materials which may be examined are :

—

(1) Vaginal or Uterine Exudate after Parturition.

(2) Foetus or Foetal membranes.

(3) Blood serum.

(4) Milk.

In animals which have recently aborted (1) and (2) are applic-

able, but in animals from which these were not secured, or in

others in which it is desirable to diagnose infection in the absence

of abortion, or at a time remote from the act of abortion, the most

•commonly used material is (3) Serum. This is of especial value

because of its being easily obtained from cows at all stages of the

disease from shortly after infectidn onwards; also from male

animals, proving that they are susceptible to infection, and from

laboratory animals, such as guinea-pigs. The drawback is the

difficulty of obtaining the serum from a whole herd in the country

where dairymen would have to collect the samples.

It was because of this difficulty that investigations have been

made as to the possible use of (4) Milk. As far as I have been

able to ascertain, this material, on account of its physical proper-

ties, has not been used to any extent for the agglutina-

tion test. In some respectts milk itself is an unsatis-

factory material, and for that reason Avhey, prepared by

the artificial clotting of milk, has been used. Although

these investigations ai-e incomplete, they furnish evidence

strongly suggesting that it will be found satisfactory for

diagnosis. Should this be so, milk, from its ease of collection,

would be the ideal material for examination in the case of lactating

animals.
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In this section will be found results of eertaiu researches con-

ducted on diajjnosis from specimens of uterine exudate and of

whey.

When triiei/ has been used the a<i:glutination test alone has l)een

applied to it.

When usi/u/ e.ru<I(ite} tlic /ncdiis dvaildhle in t/ie Iio/ids of fhe

bacteriolo(jiitt are

:

—
(1) ]\Iicrf)Scopical examination.

(2) Cultures.

(3) Inoculation of animals.

(4) Agglutination test; and

(5) Complement fixation test.

1. Microscojncal examination

.

—To a person who is in the habit

of frequently examining specimens containing the bacilhis abortus

the diagnosis presents no great difficulties, especially if the organ-

isms are plentiful and typically arranged. On the other hand

there are met with in vaginal or uterine material bacteria which

simulate more or less the B. abortus, and here the other tests aid

to confirm the diagnosis.

2. Cultures. —For these to be satisfactory, the materfal should

be as free as possible from contamination by other organisms. In

Australia a cow is frequently at grass wdien abortion takes place,

and may have aborted some days before the stockman sees her.

The discharge in such cases is sure to be badly contaminated.

Also, the discharge should obviously not contain any antiseptic.

It sometimes happens that one is called upon to examine material

from a cow which has been syringed out with lysol, the specimen

smelling strongly of the antiseptic. For these reasons this method

is of very limited application.

3. Inoculation of Animals. —The remai'ks made about contamina-

tion and antiseptics under the last heading apply equally here.

Nevertheless, this method of diagnosis has been used here with

success, guinea-pigs being used. Owing to the length of time before

marked lesions develop one resorts to the agglutination test of the

blood serum of the guinea-pig to determine whether infection by

the specific organism has taken place.

4. Agglutination Test. —This has proved valuable in diagnosing

a sample of exudate, in which the microscopical findings were

doubtful, and where, on account of great containination, cultures

were not obtained.

1 The word exudate is used throughout to mean vaginal discharge oontainiiiy- uterine exudate.
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It has been found very delicate, as little as 0.0025 c.c. of exud-

ate causing agglutination. From one of these positive cases the

blood serum, secured 16 days later than the exudate and 17 days

after abortion, gave an exactly similar agglutinating titre to the

exudate. (See Cow II., " Bluey.")

Further, exudate may be kept until it is fairly swarming with

bacteria, and yet show little loss of agglutinant action. Also

exudate diluted with carbolised saline (10% of exudate in saline

containing 0.5% of carbolic acid) shows little loss of agglutinating

bodies.

Exudate from a healthy cow which calved at the Institute was

tested, and even in an amount of 0.25 c.c, failed to give any

agglutination.

5. Coinjdement Fixation Test. —No opportunity has presented

itself of applying this test to exudate, but, judging from the re-

sults with the agglutination test on this material, there seems to

be no reason why it should not be of use for diagnostic purposes.

^

Details of Cows.

I. Normal Cow. —This animal was kept at the Institute in con-

nection with another experiment. She calved, after the usual signs

of on-coming parturition, the offspring being of full size, and

vigorous.

Exudate secured the day she calved gave no agglutination with

0.25 c.c.

Whey from milk taken eleven days after calving gave a positive

agglutination with 0.25 c.c, but a negative with 0.05 c.c.

II. Cow, " Bluey." —Detailed history not available. Aborted

on 1st September, 1913. Exudate —in appearance typical of the

disease —was secured from the vagina next day. It Avas tested four

days later, and agglutinated at 0.15 c.c, this being the smallest

quantity used. Twelve days later the end-point was determined

to be 0.0025 c.c, the material used in this test having been left

in the bottle and being now fairly putrid. At the same liime

material which had been diluted with carbolised saline twelve days

ago now gave a reaction with 0.005 c.c

Microscopical exainination of exudate showed long chains of

bacilli, streptococci, and also some clumps of bacilli the siae of B.

1 An opportunity has since presented itself of testing:, by the Complement Fixation method, a
''ample of vapinal exudate from a cow which had recently aborted. The result was positive, thus

showing- that tlie test may l)e .ilso availed of for diagnosis as is suggested al)ove.
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ff/ji/iosus. Smears from plat'ontal membi-am.' showed streptobacilli

and strept(K(tcri. as above. Neither specimen showed bacilli which

tduhl be detiiutely recognised as tlie l)acilli of contagious abortion.

Cii/fiirex of the 7i. ahortns were not obtained, the tubes being over-

grown by the other organisms present.

III. Cow, " Baptist."— Aborted on 22nd June, 1914. Exudate,

secured from the vagina two days later, gave agglutination with

0.0025 CO. Microscopical ejamination of c.rudate showed numerous

organisms morphologically like B. abort ax.

Inoculation of Aniniah. —Guinea-pig \'t^^ was inoculated sub-

cutaneously with exudate, and its serum, tested nine days later,

gave no agglutination ; 10 days after irjoculation a positive agglu-

tination was obtained with 0.15 c.c. of serum; 76 days after inocu-

lation 0.0025 c.c. of serum gave a positive agglutination; 95 days

after inocidation the animal was killed.

I'ost-morteni E.raniinafion. —Animal in good condition and all

organs apparently normal, except the spleen, which showed a nodu-

lar appearance externally and on section numerous very small

greyish foci, which looked rather more like enlarged and prominent

malpighian bodies than foci of necrotic material. On smears, no

organisms could be detected.

Guinea-pig 489, inoculated intraperitoneally with exudate, was

tested 40 days after inoculation, when the serum gave a positive

agglutination reaction.

IV. Cow. "Garfish." —Calved 5th July, 1914, not being due

till the I7tli of the same month, but the owner remarks: "Calf

full size, but dead." Exudate w'as secured two days after parturi-

tion, and gave no agglutination when tested, using 0.05 c.c.

Microscopical era mi not ion of exudate failed to demonstrate the

presence of B. abortus, and ciiltures gave negative results.

Animals Inoculated. —Guinea-pig 491, inoculated intraperitone-

ally with exudate, was tested three times (the last test ll.'i days

after inoculation), the serum giving no agglutination. Guinea-pig

492, inoculated subcutaneously with exudate, tested one month

after inoculation, gave a similar negative residt.

Whey from milk collected eight days after calving, gave a nega-

tive result with 0.05 c.c.

2. Technique Employed.

In the following pages details of the technique employed in the

use of all the materials examined are given with a view to a
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standardisation of the test in the hands of different workers, so

that the interpretation and comparison of lesnlts may be possiljle

and accurate.

a. —The use of whey and the value of ihc meihod.

That the specific agglutinins of Bacillus ahortus may occur in

milk has been mentioned by MacFadyean anil Stoclcman, (1) in

the Appendix to Part 1 of the Departmental Committee's Report,

p. 28, where they say :
" We also found that the milk of an animal

which had aborted possessed agglutinating i)roperties up to 1 in

25, but, owing to the opacity caused l)y the addition of milk to a

culture, milk is unsuitable for testing purposes." Whether this

product has been used at all in diagnosis I am not aware.

It is obvious that if milk, or milk products, could be used it

would be advantageous, owing to the ease of securing specimens;

but, as milk, even diluted, is unsatisfactory on account of its physi-

cal properties, experiments were made Avith whey. The whey was

obtained by clotting milk with Lactic Acid, the technique being as

follows :

—

To 9 c.c. of milk, 1 c.c. of a 10% aqueous solution of lactic

acid is added and mixed. The coagulated milk is then filtered

through either cotton-wool and filter-paper, or filter-paper alone,

the latter method being usually applied.

The whey is then diluted, one part to nine parts of carbolised

saline (Acid. Carbol. \'n\. 0.5, Sod. chlor. 0.85, water 100), to

form the basal dilution 1 in 10, and incubated over-niglit. Incu-

bation and subsequent filtration are found necessary, otherwise

there may be a deposit of albuminous material, which, though

unlike the typical deposit of agglutinated organisms, is not desir-

able, since it may lead to confusion in reading the results.

With the diluted, incubated, and filtered whey, four tubes, each

receiving 0.6 c.c. of standard bacterial emulsion, ;ire put up. con-

taining the following amounts of the basal dilution of whey (1 in

10).

rhey).

A.
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Thus the series of tubes contain :

—
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it usually lies underneath the vein, and a second rather free inci-

sion may be necessary. From this the blood spurts or drips freely,

and 5 to 10 c.c. can be collected in a test-tube. The blood is allowed

to clot, the clot loosened from the sides of the tube for about two-

thirds of its attachment, and the tube inverted in a conical urine

test-glass. After allowing this to stand for some hours, the serum

may be collected free from corpuscles.

Guinea-pigs. —The following method has been found satisfactory

for obtaining small. quantities of serum for diagnostic purposes:

—

Centrifuge tubes are put up, containing 2 c.c. of citrated carbol

saline (Sod. chlor. 0.85, Sod. cit. 1, Ac. Carb. liq. 0.5, water 100).

The margin of the ear of the guinea-pig is then incised with the

scissors and held dependant. There is a .small artery in this region

from which, if it has been cut, the blood drips freely. Six drops

of blood are collected in the prepared tubes. If we assume that

six drops of blood are equal to 0.3 c.c, then we should have about

0.2 c.c. of serum in each tube, or a dilution of 1 in 10.

The tubes are shaken, centrifugalised, and the supernatant fluid

pipetted off and tested in various quantities. Though not quite

accurate, this method is sufficiently so for determining whether

the animal is harbouring the bacilli, as, for example, those animals

inoculated with vaginal exudate or milk fiom suspected cows.

Healthy, non-inoculated guinea-pigs have invariably given a nega-

tive reaction, even with 0.1 c.c. of pure serum (?'.<?., 1 c.c. of the

citrated saline mixture), whereas some of our reacting guinea-pigs

have given an agglutinating titre of 0.005 c.c, and in one cas©

of 0.0005 c.c

E.ra/ni/iafioii of the Blood of Steers.

Because of the large number of cows which give a positive

agglutination reaction it is important to determine whether agglu-

tination of the Contagious Abortion bacillus is brought about by

normal ox serum, and, if at all, to what extent. With a view to

obtaining information on this point, experiments have been con-

ducted Avith the serum of male animals never used for breeding.

The following experiments have been made with the serum of

steers. The animals were for human consumption, and the blood

was taken, immediately upon slaughter at the abattoirs, into

a bottle containing a small quantity of strong (20%) citrate solu-

tion. The serum was obtained by centrifugalising and tested as

follows :

—
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Basal dilutions were made containing 1 of seinini to !) of i-ar-

holised saline ; the ani<nint of standardised emulsion used in eaeli

tube was 0.5 e.c. Results :

0.02 0.01 0.1 05 CO. piiii

Seiinii.

Steer 1

2

+ + .\gglutination and clearintf.

+ Agglutination.

S Slight agglutination.

No agglutination.

From the above, it will be seen that, with the exception of Steer

5, no animal gave a positive reaction with less than 0.1 c.c. of

pure serum, and only one a definite agglutination with thait

amount. With regard to the " S " readings, as mentioned else-

where, we do not count these as positives, as the amount of agglu-

tination is extremely small —only perceptible on very careful naked

eye examination.

The serum of the positive .steer (5) was also tested by the com

plement fixation method, and again gave a positive reaction.

(c) Standard isal ion of t]ic Bacterial Knndsion.

In the description of the technique adopted by other workers

there is a remarkable absence of detail as to the concentration of

the bacterial emulsion.

Although Mohler and Traum (2) use a metliod of .standardising

bacterial emulsion ("agglutinating fluid"), they do so ])y com-

paring it Avith "the old titred agglutinating fluid," but how this

" old agglutinating fluid " itself was standardised they do not say.

nor do the}' indicate what it was like in ai)pearancc.

MacFadyean and Stofkman ("5) ))icpare " an emulsion of greater

turbidity than is ultimately recjuired," and dilute it " until when

viewed in one of the small tubes employed for the tests it is faintly

hazy in appearance."

In this laboiatory a method. l)asod upon comparison of tlie emul-

eion to be emitloyed with a suspension of Barium sidphate. has



:!7S H. B. Seddon :

heeii used, the idea l)eiiig suggested by the " Nephelometer " of

MoFailaud (4).

For the test the following solutions are made: —A 1% solution

of Barium chloride in distilled water, and a 1% solution of Sul-

phuric acid in Avater. Three cubic centimetres of the Barium solu-

tion is then mixed with 97 cubic centimeters of the acid solution,

shaken, and allowed to stand, to come to a state of chemical equi-

liliriuni.

The B. abortus is sown on agar in Roux flasks and incubated

for two or three dajs, the water of condensation being ruti over

the surface daily so as to get a good growth over the whole sur-

face. Twenty cubic centimetres of carbolised saline (Ac. Carb. liq.

0.5. Sod. chlor. 0.85, water 100) is then added to the flasks and

the growth washed ott'. shaken thoroughly, and passed twice through

filter-paper. Dilutions of this suspension, or " emulsion," as it is

generally called, are then made with carbolised saline as folloAvs :

—

1 c.c. of emulsion and 1 c.c. of carbolised solution; 1 c.c. of emul-

sion and 2 c.c. of carbolised saline; and so on up to 1 c.c. of emul-

sion and 10 c.c. of carbol saline. These suspensions are the fluids

ti) l>e compared with the barium sulphate mixture.

To compare, the Barium sulphate mixture is thoroughly shaken

and a small tube of about 1 cm. calibre filled with the fluid, tlie

fluids to be tested being placed in similarly sized tubes and com-

parisons made over printed paper. This Barium suspension is

our standard of opacity for emulsion (Standard X).

Supposing the tulje which approximates the opacity of

the Barium mixture is that tube which contains 1 c.c. of thick

emulsion and 6 c.c. of carbolised saline, then this tube is of the

proper standard, and is called "Standard X." The whole of the

ennilsion may then lie diluted down with rarltolised saline to the

proper strength, or kejjt as thick emulsion, the standard being*

now known. In the case instanced, the thick emulsion may be

termed " 7 X," thereby denoting that it requires diluting to seven

times its volume

—

i.e., adding six times its volume of carbolised

saline, to prepare a standardised enndsion "X."

In our tests, in which we make the total volume of fluid in th©

tii})e up to 1.5 c.c, we use 0.5 c.c. of this standard emulsion " X "

in each tube.
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3. Quantitative Factors in the Agglutination

Reaction.

(rt) Not simply a matter of dilution, but a quantitative reaction^

An unfortunate terminology has crept into descriptions of agglu-

tination methods —probably a relic from the descriptions of the

so-called Widal reactions with the serum of typhoid patients —in

which frequent use is made of the term " dilution," to express

the amounts of serum (or other diagnostic fluid) necessary to bring

about agglutination.

The following experiments show that the sensitiveness of the re-

action is to be measured by accurate determination of the minimal

quantity of serum employed; in other words, it is not simply a

matter of dilution, but a quantitative reaction.

Experiments. —To determine whether

—

1. The relation of the quantity of pure serum to the quantity

of fluid in a tube (i.e., degree of dilution), or

2. The amount of pure serum in the tube,

is the determining factor in agglutination of a particular serum.

Serum collected from a cow thirteen days previously was used, a

basal dilution of 1 of serum to 49 of carbolised saline being made

(1 in 50).

The emulsion was standardised in accordance with the usual

method, and found to lie of a standard " 10 X."

Set la.

Ten tubes were put up, as follows :

—

A. B. C. 0. K. F. G. H. J. K.

Serum (1 in 50) - 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.25 c.c.

Carbolised saline - 0.0 0.5 1.0 1.5 2.0 1.25 1.5 2.0 2.5 1.75 c.c.

Total volume - - 1.0 1.5 2.0 2.5 3.0 1.75 2.0 2.5 3.0 2.0 c.c.

Eelationship of serum

to fluid- - lin 50 75 100 125 150 175 2(X) 250 300 400

Of each of these dilutions 1 c.c. was put in a tube, and the tubes

similarly lettered so tliat the amounts of pure serum in these tubes

were :

—

A. B. C. I). K. K. U. H. .1. K.

0.02 0.012 0.01 O.OOS O.OOG 0.0056 005 0.004 0.0(J3 0.0025 c.c.

Emulsion (0.05 c.c. Standard 10 X) was then added to each tube

and tlie tubes incubated till next day, when readings were taken.
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Results :

—

A, B, and C. agfj:lutinati(>ii and clearing.

D and E, agglutination.

F, slight agglutination.

G, H, J, and K, no agglutination.

Set lb.

Another ten tubes were put up similarly to above (8et la), but

with 0.1 CO. of emulsion (i.e., double quantity) added.

Results :

—

A, agglutination and clearing.

No agglutination in other tubes.

Note: —In these two sets of tubes actual dihitlon of serum in

total fluid (neglecting the small amount added with the emulsion)

was the outstanding test.

Set Ha.

Serum and carbolised saline were placed in tubes as in Set 1. :

—

A. B. C. 1). E. F. G. H. J. K.

Serum (1 in 50) - 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.25 c.c.

Carbolised saline - 0.0 0.5 1.0 1.5 2.0 1.25 1.5 20 2.5 1.75 c.c.

The bacterial emulsion was added to the whole of tlie fluid in

each tube (not to 1 c.c. of each dilution).

Emulsion added (0.05 c.c), and tubes incul)ated as in Set la.

Result :—
Agglutination and clearing in all tuljcs from .\ to J, in-

clusive.

No agglutination in K.

Set lib.

Tubes put up similarly to last set (Set 11a), l>ut wiih 0.1 c.c. of

emulsion (double (piantity) added.

Result :
—

Agglutination and clearing in .\, l{, (', 1), and E.

No agglutination in other tubes.

The actual dilution of tlie serum in tliesf tulies, tlierefoi-e, is

the same in l«)th tests (Sets 1. and 11.), but tlie aitual (nnoiinf of

serum in each tube is not the same in coii-espoiidingly lettered

tubes in each test. (See Table 1.)

With each set, control tithes were put uj), containing (1) scrum

and saline, and (2) emulsion and saline.
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Note on liendinds.

"Agglutination " is to be interpreted as a definite macroscopic

aggregation of organisms into clumps deposited eithei- at bottom

of tube or at bottom and along sides of tubes.

" Clearing," where the supernatant fluid is free, to the naked

•eye, of suspended organisms

—

i.e., agglutination and sedimenta-

tion.

" Slight," wliere there is a trace of agglutination deposit —not

Avhat one might Avith confidence call a definite agglutination. These

" slights " are read as ncijative agglutinations, in considering the

agglutination titre of a serum.

Set I.

Amount of Seniir

0.02 c.c.

0.012 c.c.

0.01 c.c.

0.008 c.c.

0.006 c.c.

0.0056 c.c.

0.005 c.c.

0.004 c.c.

0.003 c.c.

0.0025 c.c.

TABLE I.

Dilution.

1 in 50

75

100

125

150

175

200

250

300

400

Emulsion
0.05 c.c.



882 H. R. Seddon:

Conclusio/is to be drawn from ((bore.

1.—Using the same quantity of emulsion in eacli tube, tube^

2^ossessurg the same ddvtion {but different quantities) of serum do

uot furnish parallel results. (Compare Set la. with Set Ila., Set

lb. and Set lib., etc.)

2. —Using the same quantity of emulsion in each tube, tubes

containing/ the same qtiantit/j of serum do furnish parallel results.

3. —The agglutination titre varies with the quantity of emul-

sion used, for, as is evident in the table (I.) —

-

(a) With 0.05 c.c. of concentrated emulsion (10 X), the

minimum amount of this serum which will produce

agglutination is 0.006 c.c.

(b) Witli 0.1 c.c. of concentrated emulsion (10 X), the mini-

mumquantity of serum required is 0.02 c.c.

Experiments were then carried out to test the effect of dilution

on an agglutination system.

Tubes were put up, containing :

—
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<iuaiititv of ililuted soniui, heiift' it is advisahU' to n-for to the-

agglutinating titre of a serum as " so many cul)ic (.-(.'iitinietres of

serum,'" and not us " up to a dilution of such and such." Foi-

the statement of the dilution to ho of any guide to other workers

this must be supplemented by a statement referring not only to th&

actual amount of diluted serum used, but to the actual quantity

of emulsion used also.

Adopting the suggested method

—

i.e.^ the statement of the exact

Huantity of serum used, the amount of emulsion used is the only

supplementary factor required to be known, for, as is shown by

these experiments, and by the following section, the amount of

emulsion markedly and in a regular manner affects the agglutina-

tion titre.

b. —Influence of Qtia/it/f// of Emulsion on Agglutination.

Also a note on a peculiar it >/ of agglutination.

As is indicated in the experiments in sub-section (a) of section 5

of this paper, the quantity of emulsion present in a tube in which

there is a certain definite amount of serum (or, in other words,

the proportion between the amount of emulsion and the amount

of serum), has a bearing on whether that particular quantity of

serum will show agglutination of the bacilli or not.

whereas with 0.05 c.c. of emulsion (Standard 10 X) agglutination

The tests, la. and lb. (see Conclusion 3, page 382), showed that

occurred with quantities of serum varying from 0.006 c.c. up, with

0.1 c.c. of the same emidsion the smallest quantity of serum to giver

agglutination was 0.02 c.c.

To further elucidate this relationship, a large number of tubes,

with varying proportions of emulsion and serum, were put up as

indicated in the table (Table 2), in which the results are also

shown. On account of the wide range in quantities over which

the experiment Avas made, various concentrations of serum and of

emulsion were used in actually making the test.

These basal dilutions Avere :

—

Of Serum : —1 in 5. 1 in 50, and 1 in 500.

Of Emulsion: —A standard suspension "X," and also one

standardised to 10 X

—

i.e., 10 times as strong.

The quantities of emulsion used are stated throughout the table

in terms of standard X enmlsion, but for those tubes shown in

the table as containing 1 c.c. and over of standard X emulsion, the

10 X emulsion was used; the amounts of this (standard 10 X) that
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were put in being 0.1, 0.2, 0.4, O.G, 0.8, and 1 c.c. respectively.

Similarly in regard to the serum —for those tubes shown as con-

taining 0.04 c.c. of serum and over, the basal dilution of 1 in 5

was used, the quantities of this that were put in being 0.2, 0.4,

0.6, 0.8, and 1 c.c. respectively; for those tubes shown as contain-

ing from 0.002 to 0.02 c.c. of seium a basal dilution of 1 in 50'

was used, the quantities being 0.1, 0.2, O.G, 0.8, and 1 c.c. respec-

tively; for those tubes shown as containing less than 0.002 c.c. of

serum, a basal dilution of 1 in 600 was used, the quantities of this

that Avere put in being 0.8, 0.6, 0.4, 0.2, and 0.1 c.c. respectively.

In each tube the total quantity of fluid was made up to (approxi-

mately) 2 c.c. Control tubes were put up, (1) of serum, and (2)

of emulsion, and in each case remained unchanged.

These tests show that the cjuantities of emulsion and of serum

combining to produce agglutination bear a direct relationship to

one another. The result is particularly striking if one takes the

extreme results (" the agglutination and clearing," end-point,

shown by -H +), which are found to form a straight line when

plotted as a graph.

It will also be noted that this arrangement is kept up over the

whole length of the series.

One further point is evident from this table (Table 2) —namely,

that there is a partial inhil)itioii with certain proportions of emul-

sion and serum, as may be seen from looking at the tubes contain-

ing :—
2 c.c. emulsion and 0.2 c.c. serum;

1 c.c. emulsion, and 0.2, 0.16, and 0.12 c.c. serum;

0.8 c.c. enmlsion, and 0.2, 0.16, 0.12, and 0.08 c.c. serum;

0.6 c.c. emulsion, and 0.12, 0.08, and 0.04 c.c. serum;

0.4 c.c. emulsion, and 0.08 and 0.04 c.c. serum;

And 0.2 c.c. emulsion, and 0.04 c.c. serum.

i

Comparing these with tubes lower down in the same column

where the amount of serum is less, we find that where the smaller

quantities of serum are used there is again complete agglutination

and clearing. Further, where larger quantities of serum are used,

there is also agglutination and clearing, the inhibition thus being

apparently zonary. This is well seen in the columns of tubes con-

taining —0.8, 0.6, 0.4, and 0.2 of enmlsion.

Further, in the table, this zone of inhibition is found to lie

approximately parallel to the agglutination end-point; it seems,

1 An enclosing line is used in the table to make these tubes more evident.
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therefore, as if there were at least two maxima of agglutination,

for a given quantity of serum, varying with the quantity of emul-

:«ion, and, between these two maxima, the zone of inhibition.

A peculiar agglutination phenomenon similar to this had been

noted before with serum from the same animal.

In this previous test the same amount of emulsion was used in

«ach tube, and the following quantities of serum Avas placed in

tubes :

—

Tube. A. B. C. D. E. I-'. G.

0.15 - 0.1 - 0.075 - 0.05 - 0.02 - O.ol - 0.005 c.c,

Resiilt - +- + - + -++-++--
After incubation for 24 hours, there was agglutination deposit

in all the tubes except G, but there was a marked increase of

•opacity of the supernatant fluid going from C. to A

—

i.e., with the

greater amount of serum. The only tubes where the super-

natant fluid cleared were D and E. After incubating

for a total of four days, all the tubes —A, B and C

—

showed clearing. Emulsion controls, it should be noted,

remained unchanged---^.e., were not sedimented. It was considered

at the time that, as the most outstanding feature was the failure

of A, B and C to sediment, the cause might be physi-

cal, and that the reason sedimentation did not occur was

because of the increased viscosity in these tubes, due to

the large amount of serum. In view of the further ex-

periment detailed above in Table 2, and of the mention by Hew-

lett of a similar phenomenon of a zone of inhibition with M. Meli-

fensis, no suggestion as to the cause is offered. No op})ortunity

of consulting the work referred to by HeAvlett has been possible, but

the phenomenon, in the main, seems parallel.

The phenomenon is of importance in that an apparent falling off

in the agglutinating power of a serum does not necessarily mean

that the end-point is to be expected in the next tube.

There may be a zone of lessened agglutination, and then a fur-

ther increase may be met before the end-point of agglutination re-

action. This "end-point" of reaction figure is important in

Contagious Abortion, as it affords a means of comparing an ani-

mal's condition from time to time as regards the progress of the

•disease.

c. —Ojitimum Amount of Eniuhion to Vxe

.

Having determined the points referred to earlier in this paper,

the question of optimum quantity of bacterial emulsion naturally

arises.
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Here, again, there being no universal standard adopted, ob-

servers cannot strictly compare their results. Thus, to say that

an animal, 0.05 c.c. of whose serum produces agglutination, should

be considered as affected, in reality conveys no definite meaning, in

view of the experiments in sub-sections (a) and (b) above, unless

the amount of emulsion be stated at the same time. On the other

hand, workers find by experience what is a convenient quantity of

emulsion to use, based on the size of the tubes employed, etc., and

having found this amount retain it as a standard and use this in

future; their own results, therefore, are strictly comparable with

one another, but not with those of other workers.

The following experiments were made to determine what quan-

tity, allowing for ease of reading after 24 houis' incubation, was

suitable to use.

Material.

Serum, from Cow (as used in previous tests).

Emulsion (standardised, = " 10 X ").

Four sets of tubes, numbered 1, 2, ?>, 4, were put up, iising a

different quantity of serum in each set. Eacli .set consisted of four

tubes —A. B, C, and D, and the quantity of emulsion used was: —
in the A tubes - 0.05 c.c. (10 X emulsions)

,. „ B „ - 0.025 c.c.

.. „ C „ - 0.01 c.c.

„ „ D „ - 0.005 c.c.

To Set I. was added 1 c.c. diluted serum (equal to 0.02 c.c. pure

serum), and carbolised saline was added, to make tlie Total Vol.

2 c.c.

To Set II. was added 0.5 c.c. diluted serum (wjual to 0.01 c.c.

pure serum), and carbolised saline Avas added, to make the Total

Vol. 2 c.c.

To Set III. was added 0.25 c.c. diluted serum (equal to 0.005 c.c.

pure serum), and carbolised saline was added, to make the Total

Vol. 2 c.c.

To Set IV. was added 1 c.c. diluted serum (equal to 0.02 c.c.

of pure serum), and carbolised saline was added, to make the Tf)tal

Vol. 20 c.c.

Controls. —Serum controls were put up. and remained unchanged.

Emulsion control tubes, of each quantity of enuilsion used, with

•carbolised saline added, were put up, and remained unchanged.

Sets I., II., and III. Avere read at the end of 24 hours' incuba-

tion, the result ]>eing :

—
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The deposit following agglutination sliovild l^e siich that it can

be easily distinguished l)y the naked eye, even though, as is fre-

quently tlie case, the whole of the organisms be not sediniented.

In the absence of deposit

—

i.e., in a negative agglutination re-

action, there should be surli a cjuantity of emulsion that a tulie

containing it can l)c easily distinguished from a tul)e not contain-

ing any emulsion.

It is (if interest here to note the naked eye ap]ica)'ance of the

emulsion controls to the sets of tutes under review.

In four of these controls the total volume of fluid was made up to

2 c.c, with carbolised saline: in the other four to 20 c.c.

Amount of Emulsion.
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(1) It gives a marked naked eye deposit (and lience is easily

read), in a positive reaction;

(2) Conversely, it gives a definitely cloudy appearance (and

hence is easily read), in a tube where there is no agglu-

tination.

(3) With the total volume of fluid in tlie tube anything from

H to 20 c.c, the agglutuiation reaction is (.'omplete in

24 hours.

(4) It is tlie minimum amount of ennilsion that will answer the

above i-equirements.

In conclusion, I wish to express my best tlianks to Professor H.

A. Woodruff, Director of the Institute, for permission to under-

take this work, and for much kindly help and advice.
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